TRANS IMPEDANCE AMPLIFICATION APPARATUS 
WITH SOURCE FOLLOWER STRUCTURE 

Field of the Invention 

5 

The present invention relates to a transimpedance 
amplification apparatus in an optical communications system; 
and, more particularly, to a transimpedance amplification 
apparatus with a source follower structure for extending a 
10 frequency bandwidth thereof without additional passive 
devices . 

Background of the Invention 

15 Recently, ultrahigh-speed data communications 

techniques, e.g., an optical communications technique using 
an optical fiber, have advanced rapidly, but demand for 
transmission of a growing amount of data keeps getting 
stronger, too. To transmit a larger amount of data, it is 

20 necessary to implement a broadband amplification system 
operating at a wider frequency bandwidth. For this purpose, 
an active element capable of stably operating in an 
ultrahigh frequency band has to be developed. Moreover, it 
is also important to know how to install a newly developed 

25 element and others in a broadband amplifier circuit, i.e., 
to improve the way to design a broadband amplifier circuit 
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in order to make the newly developed elements function 
effectively. The front-end of an optical communication 
receiver includes a photodetector , which converts an optical 
signal into an electrical current signal, and a preamplifier 
5 for extending a frequency bandwidth. 

One of key components in the broadband amplification 
system is the preamplifier. A common source transimpedance 
amplifier (TIA) is usually used as the preamplifier. 

Fig. 1 shows a circuit diagram of a conventional 

10 common source TIA 100, which includes a plurality of 
transistors 10, 20, 24 and 30, a multiplicity of resistors 
12, 14, 18, 22, 26, 28 and 32 and a power supply 16. 

The conventional common source TIA 100 amplifies a 
current signal inputted thereto by means of four-part 

15 transistors 10, 20, 24 and 30, thereby outputting a voltage 
signal. That is, the transistor 10, a first amplifying 
transistor, basically amplifies the current signal and the 
transistor 20, a first buffer transistor, buffers the 
amplified signal. Thereafter, the transistor 24, a second 

20 amplifying transistor, secondarily amplifies the buffered 
signal from the first buffer transistor 20 and then the 
transistor 30, a second buffer transistor, buffers the 
secondarily amplified signal. 

A wide frequency bandwidth is one of the most 

25 important characteristics to be considered in designing a 
high-speed optical communications system, especially, TIA. 
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However, it is not easy to extend a frequency bandwidth of 
the conventional common source TIA as much as required by 
the optical communications system. Accordingly, many 

schemes, e.g., gain peaking techniques using passive devices 
5 of inductors or capacitors, have been proposed. 

A shunt inductive-peaking scheme, one of the most 
frequently used techniques, connects an inductor to a drain 
of the first and/or the second amplifying transistor in the 
conventional common source TIA 100, resulting in a resonance 

10 with parasitic capacitances. Although the shunt inductive- 
peaking scheme extends the frequency bandwidth, stray 
capacitances of on-chip-inductor often cause a bad influence 
upon bandwidth increment. The shunt inductive-peaking 
scheme has further problem in that self -resonant frequency 

15 (SRF) and Q-value of the inductor greatly limit on high- 
frequency applications . 

Another method for wideband design is a capacitive- 
peaking scheme, in which a capacitor is coupled to the 
resistor 22, in parallel at the source of the first buffer 

20 transistor 20 of the conventional common source TIA 100. In 
the result, an extra pole is added to a transfer function of 
the conventional common source TIA 100 so that the frequency 
bandwidth may be extended. However, this method also has 
serious problems due to the variation of capacitance caused 

25 by parasitic pad capacitance and process variation. 

Therefore, it is desirable to develop a TIA capable of 
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extending the frequency bandwidth without regard to SRF and 
Q-value of an inductor and simultaneously less sensitive to 
parasitic pad capacitance and process variation. 

5 Summary of the Invention 

It is, therefore, an object of the present invention 
to provide a t ransimpedance amplification apparatus of a 
source follower structure capable of extending the frequency 

10 bandwidth by reducing source impedance in an input node 
without regard to SRF and Q-value of an inductor and 
simultaneously less sensitive to parasitic pad capacitance 
and process variation. 

In accordance with the present invention, there is 

15 provided a transimpedance amplification apparatus with a 
signal source for generating a ' current signal, which 
includes: a source follower stage having a source follower 
structure, for receiving the current signal to reduce an 
impedance of the signal source ; a common source stage , 

20 following the source follower stage, driven by the reduced 
signal source impedance, for amplifying the current signal 
to extend a frequency bandwidth of the current signal and 
buffering the amplified signal with the extended frequency 
bandwidth thereof maintained, wherein the reduced signal 

25 source impedance serves to extend a frequency bandwidth of 
the common source stage; and a shunt feedback resistor, 
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which is installed between the source follower stage and the 
common source stage, for adjusting an input DC bias of the 
source follower stage and increasing a transimpedance gain 
of the common source stage. 

5 

Brief Description of the Drawings 

The above and other objects and features of the 
present invention will become apparent from the following 
10 description of preferred embodiments given in conjunction 
with the accompanying drawings, in which: 

Fig. 1 shows a circuit diagram of a conventional 
common source transimpedance amplifier (TIA) ; 

Fig. 2 depicts a circuit diagram of a source follower 
15 TIA in accordance with a preferred embodiment of the present 
invention; 

Fig. 3 is a high frequency model of a first amplifying 
part shown in Fig. 1; 

Figs. 4A and 4B offer a high frequency model of a 
20 source follower stage shown in Fig. 2 and an equivalent 
circuit diagram for describing output impedance thereof, 
respectively; 

Fig. 5 provides graphs for illustrating a frequency 
bandwidth of the conventional common source TIA and the 
25 source follower TIA of the present invention, respectively; 
and 
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Fig. 6 presents graphs for illustrating a frequency 
bandwidth of a prior art shunt inductive-peaking TIA, a 
prior art capacit ive-peaking TIA and the source follower TIA 
of the present invention, respectively. 

5 

Detailed Description of the Preferred Embodiments 

Fig. 2 describes a circuit diagram of a source 
follower transimpedance amplifier (TIA) 400 in accordance 

10 with a preferred embodiment of the present invention, which 
includes a plurality of transistors 40, 110, 116, 120 and 
126, a multiplicity of resistors 102, 106, 108, 112, 114, 
118, 122, 124, and 128 and a power supply 104. 

The transistor 40, an input transistor which has a 

15 source follower structure, in an input node of the source 
follower TIA 400 forms a source follower stage of the source 
follower TIA 400. as represented by a dotted line and the 
transistors 110, 116, 120 and 126 following the source 
follower stage form a common source stage . of the source 

20 follower TIA 400. 

The input transistor 40 receives a current signal from 
a signal source (not shown) and forwards the current signal 
to the common source stage. The input transistor 40 serves 
to drop a signal source impedance seen across the common 

25 source stage. The signal source impedance seen across the 
common source stage is smaller than that seen across the 
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input transistor 40. 

The small signal source impedance serves to extend a 
frequency bandwidth. The effect of the signal source 
impedance will be described later. 
5 A gate of the input transistor 40 is connected to a 

drain of the transistor 110 via a shunt feedback resistor 
108, while a drain of the input transistor 40 is coupled to 
the power supply 104 via a resistor 102 and a source of the 
input resistor 40 is grounded via a resistor 106. 

10 The shunt feedback resistor 108, which is installed 

between the gate of the input transistor 40 and a drain of 
the transistor 110, serves to adjust an input DC bias for a 
gate voltage of the input transistor 40. 

The transistor 110 as a first amplifying stage 

15 basically amplifies the current signal forwarded from the 
source follower stage to extend a frequency bandwidth of the 
current signal. A gate of the first amplifying transistor 
110 is connected to the source of the input transistor 40, 
while a drain of the first amplifying transistor 110 is 

20 coupled to the power supply 104 via a resistor 112 and a 
source of the first amplifying transistor 110 is grounded 
via the resistor 114. 

Generally, because a single amplifying stage usually 
cannot provide sufficient gain, other amplifying stage, e.g., 

25 a second amplifying stage, may be required. In this case, 
the transistor 116 may be prepared between the first 
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amplifying stage and the second amplifying stage, to 
function like as a first buffer stage for buffering the 
basically amplified signal with the frequency bandwidth 
thereof maintained. A gate of the first buffer transistor 
5 116 is connected to the drain of the first amplifying 
transistor 110, while a drain of the first buffer transistor 
116 is coupled to the power supply 104 and a source of the 
first buffer transistor 116 is grounded via the resistor 118 
The transistor 120 is used as the second amplifying 

10 transistor for secondarily amplifying the buffered signal 
from the first buffer transistor 116, thereby extending a 
frequency bandwidth of the buffered signal. A gate of the 
second amplifying transistor 120 is connected to the source 
of the first buffer transistor 116, while a drain of the 

15 second amplifying transistor 120 is coupled to the power 
supply 104 via the resistor 122 and a source of the second 
amplifying transistor 120 is grounded via the resistor 124. 

The transistor 126 in an output node of the source 
follower TIA 400 is used as a second buffer stage for 

20 delivering the secondarily amplified signal with the 
frequency bandwidth thereof maintained and simultaneously 
adjusting the output impedance of the source follower TIA 
400 to be a predetermined value, e.g., 50 Q. A gate of the 
second buffer transistor 126 is connected to the drain of 

25 the second amplifying transistor 120, while a drain of the 
second buffer transistor 126 is coupled to the power supply 
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104 and a source of the second buffer transistor 126 is 
grounded via the resistor 128. 

In accordance with the present invention, the source 
follower stage is installed in front of the common source 
stage, thereby reducing the source impedance seen across the 
common source stage. The reduced source impedance affects 
the common source stage to output a signal with an extended 
frequency bandwidth . 

Such characteristics will be described hereinafter 
with reference to Figs. 3 to 4B. 

Fig. 3 is a high frequency model of a first amplifying 
part, driven by R s , represented by a dotted line in a 
conventional common source TIA 100 shown in Fig. 1, wherein 
R s is a signal source impedance seen across a gate of the 
transistor 10. 

The first amplifying part in the conventional common 
source TIA 100 has an input frequency magnitude co; n given as 
follows : 



wherein C G s is a capacitance between a gate and a source of 
the transistor 10; C G d is a capacitance between the gate and 
a drain of the transistor 10; g m is a transconductance of 
the transistor 10; and R D is a drain impedance of the 
transistor 10. 

As seen from Eq. 1, the input frequency magnitude coj n 
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is in inverse proportion to the signal source impedance R s . 
That is, the less the signal source impedance R s is, the 
better the frequency bandwidth characteristics at the high- 
frequency range is . 
5 Fig. 4A shows a high frequency model of a source 

follower stage, represented by a dotted line in Fig. 2, 
while Fig. 4B offers an equivalent circuit diagram of the 
high frequency model shown in Fig. 4A for finding an output 
impedance of the source follower stage, wherein C L 
10 represents a total capacitance of the source follower stage 
seen at the output node of the high frequency model. 

The source follower stage has the output impedance, 
which is considered at an output end of the high frequency 
model, as follows : 

sR s 'C GS '+l 
°" g'+sC' 

15 Eq. 2, 

wherein R s is a signal source impedance seen across a gate 
of the transistor 40; C G s' is a capacitance between a gate 
and a source of the transistor 40; g m ' is a t ransconductance 
of the transistor 40; and "s" is a complex frequency 
20 parameter. 

The output impedance Z out of the source follower stage 
is approximately Z out * l/gm in a low frequency range and 
Zout * Rs in an infinite frequency. And, l/gm' is generally 
less than R s . When frequency is infinite in an ideal case, 
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the output impedance Z ou t of the source follower stage equals 
the signal source impedance R s - 

Because the source follower stage is installed in 
front of the common source stage including the first 
5 amplifying stage similar to a first amplifying part shown 
Figs. 1 and 3, the signal source impedance seen across a 
gate of the first amplifying transistor 110 is to be Z out . 

As seen from Eq. 2, the output impedance Z out is always 
smaller than R s unless a frequency is infinite. Therefore, 

10 the source follower stage renders that the first amplifying 
stage has a signal source impedance smaller than that of the 
first amplifying part, thereby extending the frequency 
bandwidth of the common source stage. 

When a t ransimpedance gain of the source follower TIA 

15 400 is equal to that of the conventional common source TIA 
100, the frequency bandwidth of the source follower TIA 400 
is greater than that of the conventional common source TIA 
100. The frequency bandwidth of the source follower TIA 400 
is also greater than those of a prior art shunt inductive- 

20 peaking TIA and a prior art capacitive-peaking TIA if the 
prior art shunt inductive-peaking, the prior art capacitive- 
peaking TIA and the source follower TIA 400 have same 
transimpedance gain. Such frequency bandwidth 

characteristics will be described hereinafter with reference 

25 to Figs. 5 and 6. 

Fig. 5 provides simulation results for illustrating 
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frequency bandwidths of the conventional common source TIA 
100 and the source follower TIA 400 of the present invention, 
wherein the longitudinal axis represents a transimpedance 
gain [dBQ] and the horizontal axis represents a frequency 
5 bandwidth [GHz] . 

For a transimpedance gain of 57 dBQ, an available 
frequency bandwidth of the conventional common source TIA 
100 is about 2.45 GHz as shown in a graph Gioo, while an 
available frequency bandwidth of the source follower TIA 400 

10 is about 4.5 GHz as shown in a graph G 40 o- That is, the 
frequency bandwidth of the source follower TIA 400 of the 
present invention is larger than that of the conventional 
common source TIA 100 by about 2.05 GHz without any 
transimpedance gain loss. 

15 In accordance with the present invention, the 

transimpedance gain of the source follower TIA 400 can be 
increased at the same frequency bandwidth by raising the 
resistance of the shunt feedback resistor 108 of the source 
follower TIA 400 shown in Fig. 2. That is, a greater gain- 

20 bandwidth multiplication of the source follower TIA 400 of 
the present invention is larger than that of the 
conventional common source TIA 100. 

Fig. 6 presents simulation results for illustrating' 
frequency bandwidths of the prior art shunt inductive- 

25 peaking TIA, the prior art capacitive-peaking TIA and the 
source follower TIA 400 of the present invention, wherein 
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the longitudinal axis represents a transimpedance gain [dBQ] 
and the horizontal axis represents a frequency bandwidth 
[GHz] . 

For a transimpedance gain of 57 dBQ, an available 
5 frequency bandwidth of the prior art shunt inductive-peaking 
TIA is about 2.85 GHz as shown in a graph G200/ while an 
available frequency bandwidth of the prior art capacitive- 
peaking TIA is about 3.25 GHz as shown in a graphs G3oo- 

On 

the other hand, the source follower TIA 400 has an available 
10 frequency bandwidth of about 4.5 GHz for the transimpedance 

of 57 dBQ as shown in a graph G 40 o- 

That is, the gain-bandwidth multiplication of the 

source follower TIA 400 of the present invention is larger 

than those of the prior art shunt inductive-peaking TIA and 
15 the prior art capacitive-peaking TIA, without any 

transimpedance gain loss. 

Meanwhile, the source follower TIA 400 using a FET 

(Field Effect Transistor) device having gate/source/drain 

has been described as the TIA in accordance with the present 
20 invention, but an emitter follower using a BJT (Bipolar 

Junction Transistor) having base/emitter /collector may be 

used . 

Because no additional inductor and a capacitor are 
used therein, the source follower TIA 400 of the present 
25 invention has a smaller size than those of the prior art 
inductive-peaking TIA and the prior art capacitive-peaking 
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TIA and is immune to a self -resonant frequency (SRF) and Q- 
value of on chip components unlike the prior art inductive- 
peaking TIA and the prior art capacitive-peaking TIA. 

While the invention has been shown and described with 
5 respect to the preferred embodiments, it will be understood 
by those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following 
claims . 
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